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Splenic echinococcosis is a rare disease even in endemic regions. The most commonly affected organ is the liver, followed by the lung and the spleen. In this article we discuss epidemiology, clinical presentation, diagnosis, pathophysiology, pathologic features, imaging findings, complications, differential diagnosis, and treatment of hydatid disease of the spleen. Semin Ultrasound CT MRI xx:xxx © 2007 Elsevier Inc. All rights reserved.
Epidemiology
E chinococcal infection is caused by the larval form of the cestode Echinococcus, with Echinococcus granulosus (Fig. 1 ) accounting for 95% of all cases of hydatid disease. 1 It has a worldwide distribution (Fig. 2) . The most commonly affected organ is the liver (70%), followed by the lung (15-20%), although hydatid cysts have been described in almost every organ of the body. Splenic involvement of hydatid cyst varies between 0.9 and 8%. Only rather small series or case reports have addressed the issue of splenic echinococcosis. [2] [3] [4] [5] Isolated splenic involvement is very uncommon. 6, 7 
Clinical Presentation and Diagnosis
Splenic hydatid cysts are generally asymptomatic. The diagnosis is established during imaging for other reasons. The symptomatology is usually mild and is mainly caused due to pressure of adjacent viscera or the presence of complications. The patients usually complain of mild discomfort or pain in the left hypochondrium. 5 Symptoms may be the result of a number of complications. Cysts may become infected or may rupture into the peritoneal cavity (especially subcapsularly located cysts) and the patient may experience anaphylactic shock. 2, 6 Severe pain may occur following infection or intraperitoneal rupture of the cyst. Physical examination may reveal either a large palpable spleen or a hard, round, and smooth mass. 5 Routine laboratory investigations are of little help in diagnosis. Eosinophilia is present in only 20 to 30% of the patients. 8 Casoni's and Weinberg's tests have been replaced by enzyme-linked immunosorbent and immunoelectrophoresis assays, which have significantly higher sensitivities (over 95%). 8 It should be noted that these assays using crude hydatid cyst fluid have unsatisfactory specificities. 9
Pathophysiology
Although various theories have been put forth regarding the pathophysiology of splenic hydatidosis, the most acceptable study was published by Bourgeon et al. 10 The development of echinococcal cysts in the spleen is uncommon because hexacanth embryos are usually trapped in the liver (first Lemman's filter) and/or lung (second Lemman's filter) but will be trapped in the splenic capillaries once in the systemic circulation. 5, [10] [11] [12] Splenic echinococcosis may also arise by retrograde spread from the liver to the spleen via the hepatic portal and splenic veins in portal hypertension. The spleen may also be affected by rupture of a hepatic echinococcal cyst into the peritoneal cavity. 1, 5 As the hydatid cyst increases in size, it may lead to compression of the hilar vessels of the spleen, resulting in pericystic splenic atrophy. Eventually the cyst may completely replace the splenic parenchyma. Chronic pericystic inflammation may cause adhesion with adjacent organs or even fistulization between the cyst and adjacent structures and organs such as the thoracic cavity, stomach, pancreas, left colon, left kidney, or bronchus. 5, [13] [14] [15] Secondary infection of splenic cysts is rare (5%) and usually occurs by hematogenous spread. 5 Echinococcal cysts of the spleen usually grow slowly (approximately 2-3 cm each year). 1, 5, 6 Patients may be asymptomatic for 5 to 20 years before diagnosis.
Pathologic Features
At microscopic examination, the wall of the hydatid cyst is seen to be composed of an inner germinal layer and an outer laminated membrane. These layers are surrounded by a thin 
band of fibrotic, compressed spleen called pericyst. Scolices and fragments of the germinal layer constitute the so-called hydatid sand within the cyst. 16, 17 At gross examination, the cysts are seen to be either unilocular or multilocular.
Imaging Findings
Plain X-ray of the abdomen may show a soft-tissue mass with peripheral calcification in the left upper quadrant or displacement of the stomach, left kidney, and left colon flexure. Chest radiography may reveal an elevated left hemidiaphragm or pleural effusion. 5 The radiological appearance of splenic hydatidosis varies and is influenced mainly by the location of the cyst, age of the cyst, and associated complications, such as secondary infection and rupture. 3 At present, ultrasonography is the most valuable and most widely available imaging modality for the diagnosis, classification, and follow-up of splenic hydatid cysts. Ultrasound and computed tomography (CT) are complementary examinations for diagnosis. 18 The imaging characteristics of splenic hydatid cysts are similar to those of hepatic hydatid cysts. [3] [4] [5] Various sonographic patterns of hydatid cysts have been described. An anechoic pattern was observed most often but is nonspecific in appearance. 3, 18 Splenic hydatid cysts are usually solitary and partially calcified without daughter cysts. Presence of collapsed membranes in a cystic lesion is pathognomonic for hydatid disease. 18 Associated hepatic or peritoneal disease occurs in 16 to 30% of the cases. 5, 12, 19 Ultrasonographic classifications used in the liver hydatid cysts can also be used for splenic echinococcosis. An initial classification for cystic echinococcosis was proposed by Gharbi et al. 20 Despite its insufficiency in evaluation of the appropriateness of the percutaneous treatment of the liver hydatid cysts, it is still being used. According to this classification, the liver hydatid cysts were classified into five groups. These types are as follows: type I (pure fluid collection); type II (fluid collection with a split wall); type III (fluid collection with septa); type IV (hydatid cysts with heterogeneous echo patterns); and type V (hydatid cysts with reflecting thick walls). 20 63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105  106  107  108  109  110  111  112  113  114  115  116   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52 53 54
Recently, the World Health Organization (WHO) Informal Group on Echinococcosis has published an international consensus classification of ultrasonography images of cystic echinococcosis (CE). 21 The WHO classification is intended to follow the natural history of CE and starts with undifferentiated simple cyst, recorded as cystic lesions. Type CE1 and 2 cysts are active usually fertile cysts containing viable protoscoleces. Type CE3 stands for the cysts entering a transitional stage where integrity of the cyst has been compromised. Type CE4 and 5 are inactive cysts that have normally lost their fertility (Fig. 3) . Type CE1 are unilocular, simple cysts with uniform anechoic content (Fig. 4) . Pathognomonic signs include visible cyst wall and hydatid sand (snow flake sign). Type CE2 is a multivesicular, multiseptated cyst. Cysts septations produce "wheel-like" structures, and the presence of daughter cysts is indicated by "rosette-like" or "honeycomb-like" structures. Daughter cysts may partly or completely fill the mother cyst (Fig. 5) . Type CE3 cyst has anechoic content with floating membrane (water-lily sign). Type CE3 may also contain daughter cysts. Ultrasound features of type CE2 and CE3 are pathognomonic. Type CE4 cyst has heterogeneous degenerative contents with no daughter cysts. This type may show a "ball of wool" sign, which is indicative of degenerating membranes. Type CE5 cysts are characterized by thick calcified wall. The degree of calcification may vary from partial to complete. 21 The CT attenuation in hydatidosis depends on the intracystic content. Hydatid cysts usually have a homogeneous fluid content showing water attenuation values on CT. However, hydatid cysts may show high CT values on unenhanced CT scans especially if intracystic debris, hydatid sand, detached germinative membrane, daughter cysts, and inflammatory cells are present. CT is more sensitive than plain films or sonograms in depicting subtle cyst wall calcification. CT is an important imaging modality to have the actual number and location of the cysts not only in the spleen but also in the abdomen. 3, 4, 16 Magnetic resonance (MR) is an important imaging technique in the diagnosis and evaluation of hydatid disease.
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useful in monitoring the response to treatment. 18 The MR images of a splenic cyst typically show a well-defined rounded mass with signal intensity equal to that of water with both T1-and T2-weighted sequences. However, depending on the cystic content, signal intensity on T1-weighted images may vary. 22 
Complications
Complications of hydatid disease include rupture and secondary infection. 17, 23 In contained rupture, which is clinically silent, the endocyst ruptures and the cyst contents are confined within the pericyst. Direct rupture implies rupture of both the endocyst and the pericyst, with spill of cyst contents into the peritoneal cavity. Rupture into a hollow viscus, such as stomach or colon, is exceedingly rare. 24, 25 While intraabdominal rupture is a well-known complication of splenic hydatidosis, intrathoracic rupture is very rare, with only a few cases reported in the medical literature. 15, 26, 27 Abscess formation is an uncommon complication of hydatid splenic cysts. 28 Hypersplenism and segmental portal hypertension due to hydatic cyst of the spleen is also reported. [29] [30] [31] 
Differential Diagnosis
Hydatidosis should be suspected in patients with splenic cystic lesions, particularly in endemic areas. The diagnosis of splenic hydatidosis should be favored if cystic lesions are observed in other organs such as the liver. The diagnosis can be made confidently if pathognomonic findings (double-layered wall, hydatid sand, detached membrane, daughter cysts) are present. 3 Some other findings such as ball of wool sign with solid pattern and calcifications in the wall are also very suggestive for the diagnosis. The differential diagnosis of splenic hydatid cysts includes epidermoid cyst, dermoid cyst, pseudocyst, abscess or hematoma, intrasplenic pancreatic pseudocyst, cystic lymphangioma, and cystic neoplasm of the spleen. 3, 18, 32 It is usually not possible to distinguish between primary and secondary cysts, although adhesions are reported to be associated with secondary cysts. The primary cysts are subdivided into parasitic and nonparasitic. The nonparasitic cysts are either congenital or neoplastic. The epidermoid subtype accounts for 90% of the primary nonparasitic cysts, while the dermoid cysts account for most of the remaining cases. Posttraumatic (secondary) cysts account for 75% of all nonparasitic splenic cysts, although 30% of patients do not recall any trauma. 33 63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105  106  107  108  109  110  111  112  113  114  115  116   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52 53 54
Treatment of viable splenic hydatid cysts is indicated due to the risk of infection and rupture. 6 Since the hydatidosis is a benign disease, any surgical or percutaneous intervention should have minimal mortality and low morbidity. 35 Traditionally, surgery has been the only accepted treatment modality for splenic hydatidosis. 1, 35, 36 Several surgical techniques have been advocated, ranging from splenectomy to spleen-sparing surgical resection. 35, 36 Some authors suggest partial cystectomy and omentopexy as the procedure of choice for the surgical treatment of splenic hydatidosis. 13, 36 Laparoscopic surgical treatment of hydatid cysts of the spleen has also been reported. 1, 35 However, splenectomy, either open or laparoscopic, has a high morbidity rate of 21%, an overall mortality up to 7%, and a long duration of hospitalization (8 to 47 days). 1, 5, 11, 12 In a study of 26 splenic hydatid cyst patients treated with splenectomy, the recurrence rate is reported to be 3.8%. 11 Complications of splenectomy such as hemorrhage, gastric injury, or pancreatic fistulae caused by inadequate surgery are well known. 6 Thromboembolic complications particularly occur in patients with myeloproliferative diseases. Overwhelming postsplenectomy infections (OPSIs) that usually involve an encapsulated organism (usually pneumococcus and Haemophilus influenza) can occur especially in children younger than 4 years of age who undergo splenectomy. Some authors suggest conservative surgery due to the 10% risk of an OPSI reported in the literature. 1, 5, 6 Khoury et al reported four splenic hydatid cysts patients treated with laparoscopic evacuation and injection of cetrimide. 35 Ballaux et al reported laparoscopic splenectomy in a splenic hydatid cyst. 37 Atmatzidis et al demonstrated that the recurrence rate after total splenectomy did not differ significantly compared to spleen-preserving surgery and the complication rate and hospital stay were also comparable between the two groups. 5 Ozdogan et al treated 14 splenic hydatidosis patients (12 splenectomy, 2 partial cystectomy and omentopexy). 13 There was no mortality but the morbidity rate was 28.6%. They suggest that partial cystectomy and omentopexy should be the procedure of choice for the treatment of splenic hydatidosis. 13 Spleen-preserving surgery may be justified both in children to avoid septic complications and in cases in which the cysts tightly adhere to the adjacent structures. 11 One major concern about the surgical and percutaneous treatment is the spillage of cyst contents, dissemination into the peritoneal cavity, and cyst recurrence. Spillage of protoscolex-rich fluid during surgery of liver hydatid cysts occurs in 5 to 10% of cases, despite all precautions taken to prevent it, but this does not necessarily lead to dissemination. Some authors suggest prophylactic albendazole use before and after surgical or percutaneous treatment to reduce the risk of spillage due to an intraoperative rupture. [38] [39] [40] If the cyst's size makes the surgery difficult, it can be treated with puncture, aspiration of fluid to reduce the intracystic pressure, and introduction of scolicidal agent before splenectomy. 6, [41] [42] [43] Albendazole is a benzimidazole derivative that achieves high concentrations in the blood, bile, liver tissue, and cyst fluid after oral administration. However, cyst fluid concentrations of albendazole are much lower than plasma levels. Unfortunately, reported results of medical therapy are still controversial. 2, 9 Percutaneous drainage has gained acceptance with progress in interventional radiology. 2, 44 Recently Ormeci et al presented this new therapeutic approach for treatment of hydatid cysts of the spleen in nine patients. 2 The median follow-up period was 39 months. One patient had urticaria and low-grade fever just after the procedure. Another one had undergone splenectomy 8 months after percutaneous treatment due to persistent left upper quadrant pain. Longterm results indicate that this new treatment modality of splenic hydatidosis is an effective and safe method. They conclude that percutaneous treatment of splenic hydatid cysts is a safe and reliable method that does not interfere with splenic functions. They suggest percutaneous treatment should be the method of choice, especially in the treatment of type I and II cysts of the spleen, and it also should be the first choice for patients in whom surgery and general anesthesia are contraindicated or who do not agree to surgery. 2 A number of early and late complications should be taken into account in the course of surgical or percutaneous treatment. Early complications include anaphylaxis and hypersensitivity reactions such as urticaria and fever. The exact frequency of anaphylaxis is not known; however, the risk of anaphylactic reactions in percutaneous treatment does not differ from surgical procedures. When the number of liver hydatid cysts treated percutaneously is taken into consideration, the death rate due to anaphylactic shock may be stated to be in between 0.1 and 0.2%. Late complications of surgical and percutaneous treatment include infection in the abdominal cavity (Fig. 6) , recurrence, and dissemination. The recurrence rate reported in the percutaneous treatment of liver hydatid cysts is between 0 and 4%. Recurrent cysts may also be treated percutaneously. The abdominal dissemination after percutaneous treatment of liver hydatid cysts was not reported in any series published. 45, 46 The advantage of the percutaneous treatment is its minimal invasive nature: it usually does not necessitate prolonged hospitalization and it is able to preserve splenic function.
Conclusion
Ultrasonography is the most valuable and most widely available imaging modality for the diagnosis, classification, and follow-up of splenic hydatid cysts. The imaging characteristics of splenic hydatid cysts are similar to those of hepatic hydatid cysts. Most important measure in the treatment is to preserve splenic tissue and function, especially in children. Splenic preservation either by spleen-saving surgery or by percutaneous treatment should be tried if possible . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54 U N C O R R E C T E D P R O O F
